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(57) Abstract: A semiconductor laser using a GaN-based, such as GaN or AlGaN, semiconductor substrate is disclosed wherein 
damage to a semiconductor layer at a separated surface of a chip can be suppressed. An n-type cladding layer (502) composed of 
AlGaN and a multilayer film which contains a multiple quantum well (MQW) layer (504) as an active layer are formed on a self- 
supporting GaN substrate (501). Lateral surfaces of the multilayer film which extends along the resonator direction are so inclined 
that the resonator width becomes smaller in the direction fix>m the self-supporting substrate (501) to the upper layers sequentially 
formed thereon. 
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m m m 

# 1/ - if J: (D 

n^;ii:y0^e>. ^^^Sr^^-rrt— HCUght emitting diode. LED)^1/— 1f — ^-f 
:t-H (laser diode, LD)UntVX^B^mzSXt,^^o 7&:>6>Tfe LD t*;^^ 

GAN^^##:^ffil.ifcxn-r7.Ji. tJe*, l5->'T-rT^ SiC 
5^S^§fiJffibTfPM$nT#feo -TJ^^b*^. r-rTS=K^ SiC 
Id 2 ^|5g^!KS^^fflViT':7;W^>'i&MGaN(O001)P&^:S$ii-. ;ine>©G 
a NS^Sm^ bTm^^3g:d^^f^M$nT#fCo cn\t^nfS:/-i)V^ G a N 
^»^R5^^^^# e» n^^c ^ 86 T 25 S o 

i^mm\z ^ ^-j^mi)mmf3i n t , $ e> ^zmmwx$>^r:iibmmmmmm^ 

Zi^l^ni^UT. jfi^. HVPEChydride Vapor phase Epitaxy) ^ffll^^feG a 
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^oi.rc^^y^<D^^^nm'r^^mi!f^. 2001-176823 

^m^iz^mw\r)mj:v%^m<Dwm^mf^i.. z:n^<Dmm\mvxm'i' 
^n^fr^'feoT^So mxm<o^mo 0 4 i~o 0 4 2^^zsm~m\z\t. 
^^^^:t-\^<D^y:f^mj:mib^mm-^nx\^^^o ur. ^(d^u±7.\z 
-ov^xmB^^mLxmrnt^o ^<D^yt^-^:t-}^\t. c® (oood 

n^GaNS^lOO, n^G a N/tyC^ 1 0 1 . nMAlGaN^J/^ 
y H@ 1 0 2, f^mmi 0 3. P^A 1 GaN^7^«; KMl 0 4. p^Ga 

N:2>t$^^ hmi 0 5. nmmmioe. pmnmio7. ^A^fij^^i 
0 8. ^BofijD^i 0 9f}^^mm-^tixi^^o mA(DWiV)mi o s^h^ 
'ix.y^^^i.z^vm^hr^mi. BBofijoMi o 9\t7.^^-(/^-\z^v) 

b^Jp. "^^A^G aNS^M^MtCn^m® 1 0 6 &?^^-r^c ^OD^. 

e>M<n-7-Ti¥b^T§^:i:Jcj;D> 2>r>5^ <i> ©r^^XAjS^ e> 3 5 0 
mx 2 5 0 Mm:^<D5^-;:/§#ic#^o ^O^of^^mz^Xi ^ ^y^cDW 

mm\z^^y^^ ^y}f:>^mi)m^hx^i^'r. ^m^^<D»^m^tin 
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-5 d i /^>t-e ^ ^ $ tlT ^ o 

-(r^^^u sic ^mmtvrcmii]t-<. m^^mm^zA i GaNm\zm^r 

«^AI^#^#:^-iffC^ViT«. GaNi In 1 ^-^tf In,A l,Ga,_,_.y 
N^i,:«>t^S$n^g14®<i:L/TfflVie»nSo LD Tfi, n MG a Nn V^S^^^ h 
n MA 1 GaN^ia 032,86®. n MG a N5fe:j?;-f Hg, InGaN#S«^ 
pMGaN:)16:^< Hjl. p MA 1 G a N^gg DjX^e)®. pMGa 

Nr3>iS^i^ hmi)m\zmm-^n^o a in ©*&^^^«GaNfcjt^/jN$<, 

?i^TS5^A 1 GaN©*&^^^feGaNJ;Cl*)/h$<;^-&o ^(Dt^^G a 
N»^±lc:||M$ti7tA 1 GaN®{c«5I5i^-HOF^§P^S::^r;&^^a#-r^ii 
1 1 -5 o 

D-^-r<;5:D. m^®^^tt^lST$-&§^Eili;^;5o mz. '>XA;i>e,# 

^mx^^r^(Dx. A 1 GaNm\zfH^'r^mt}<D^^\,^GaNmm±m 

•y-:7T-1'T-^ SiC ^WL±(0mi'iZit^-i7 ^ y ^ (D^^m7(im<U^ 
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^m(Dmm^nt> t^o^^uB-r. ^m^^\z^\^^x%. mmifimz: v)\z<i,^ 

y :/© :^±S:ft tc ^ ?t § ^1 1 J; D D § ^1 a: * § o 

'^v':f^mm\z:^n^^miif-m(Dmm^mm'r^^}i\z:^^\ ^fe^is:^?^® 
su^Be<j«, '^v^i^mjLnmz^i^^x^y'f^mmz^^y^mm^i^tz. 

—^<Dmm'\k^^:t^'\i^^ii\z^^o 

:^%m\Z^n\-S:. GaNm^S#:S^t. MG a NJ^¥^#:»^0O±^{- 

<Dmmm:^m \zm ^ mmmmm<Dmm'm. mib g a Nm^mi^mmmi)^ e> m 
$'^nmm(D±mzm'fx^mmm-d^/hhr^^:^\^\zm^vx\^^^^t^wm 

mt^^ti^^x^^o Ell It*. ^(D:it^m,m'r^mx;^^o ^mm^zM 
vxmm.:^[^(D^mm^m'r^u^<Dmm<D^mi$^u-ifx^t. mii (a) 
\zm-r^z>\z. ^m^m<Dm±mMU\z:i^\,^xiR.m-^m±v'p-r\i>o :in\z 
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Mi.'c^^m(Dmmiz^mt. mii (b) iz^T^^^m^m<Dm±mM 

m^\z. ^m^m^v-if(D^mm:^mzmtE^^-n(Dmmmm^n. 
mmm^mum^-n(Dmu\z^^ntc.mmzmm,^n'T:\,^:bz.ii^imm.tL 

z.(Dmm\z^nu. ^x.;\^mwi\.^u-^m^\z^m'r^n. 
m^i^ ^ y (Dmm^m±v. mmm^^timmmm^m^^nizmm'r^^ 
^(D^^mi^u-if\z^\^^x. mm-M<Dm^(Dmm\z'^x^t:mv. mm 

m^^m^x^^ox. mmmmiz^n^^mi^m^<D^>^-z^^±mizi& 
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^ommz^nu. ^mi^u-ifa^mm^wz^i.^x. ^^yi7<D^^^m 
-rr^fDt*. ^^mi^u—if(D^m^:^\^izmommiz^\^^x},t. mmizmu^ 
$e>^c2^^gg^cJ;t^^^, g a.Nj^mmm^&tj:^ryx./\±\z. a i s^t^ 
i^u-if<D^m§^:&[^\zm^r^mm<Dmm^mm.^^j:nt. buib^xa 

Mm(D±m\zmnxm^m(Dm7t)^/i-^^f3:^:^mzm^'t^^t^wm.ii-r^ 

muv. mmmzmtirc^mi$^u—if^m^^t7^^x^^o 
^r:i:^mmiz^niit. g aNm^mm^&u^^aL/\±iz. -:^\^izm^ 

e.> Mm'^x^(Dm.±\zm^^m^-^ii/3:7!)^^A i ^^tsG aN^^mi^^^ 
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5^^^#/7^>y ]^m:^^zs^(D±mz^^-^nr^mmm^^nmmm^m^ 
-r^nimt. mmmmm^M^m\zm^v. mmmmm^\zmm^m4^u- 
if<Dmmm:&mizm^-r^mm:<Dmm^mm'r^j:n^. mm^ji/\^mm 
M^<Dm^:^\^t.m^T^:^m\z^^xmmhs n— §?^^-r -sx^t. m 
iB/t-^/ mmm^^^(Dmmz^\^^xmmm^(Dm^:&mt^^^},zwml^. 

tamG 8iNm^mi^mm.mf>^^m^mmm(D±mz\^nxm^m(Dm7(}^^i^ii 
f3:^:^\^izmm-T^m0^t-r^^tif)^x^^o 

:^mm(D^m^u—tt<Dmm:^miz^\^^x. /^-^mm-r^nin^mm^z 
i;Dff-pTfe<}:vio :i<D^^\z-rn\ts ^ ^ y (D^^7!)i^v)mm\zmm-^ 
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^ y ^ > ^co ^ ^ ^ ^M-r -g> t> © T a& ^ „ 

m^mhm^-v$>^ » mfc:«^^ ® ld om^. -^mj:m=j'i)'^ eoo u, m. 
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Mysimmomm. ^j^zs^n\znU'r^sKT<Dm'm^z,i:'DX-^^\zm^i^^\z 

mi\t. mmmizm^^mi$^u—if<Dmmmx&^c 
0 2«, mmmizm^mm^u-if(Dmmmx$>^o 
ms\t. mmm\z%^^mi^u—'if<Dmmmxi^^o 

m4 (a) ^^XSm4 (b) IIM^^J{;i'^^^^#:l^— 1f CDXai»fMEI 

(a) :fe<fctx^5 (b) f*, mmm\zWt^^mi$^u—'!f(Dj:nmmm 

0 6 (a) :feckt)^^0 6 (b) ^JSMtC-^-S^^^: I/— 1f ®Xg^®0 
07 (a) :fei;tJ?07 (b) ^M0yJC'm^^S#:W-1f CDX5g©fM0 

01 mmm\z^^^m^u—^(Dmmmx^^o 

mil (a) :feJ:tK01 1 (b) ^^^^l^-ifc^g^^^/y^i'^ooi^tc^ 
D § IM^ ® ^ iJggg-r S 86 CD 0T a& § o 
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^^#MO^P9M^ -TJ^tD-^ ( 1 - 1 0 0) Mi^feoTVi-So 

5 0 3. mmm tfj:^0mmi'^:F (mqw) ® s o 4. ^^-/^ 
S5 0 5, v>mytmujM!bm5 o pMa i o. lOao. sN^/^^y fms o 
7, pm:3>^^ h®5 0 8, sio^^j^ji^s 1 0, Dmms i 25&>e,?^:g,ii® 

m2it. :^mM(Dm<Dmmmm\zm^mmi^u-if(Dmmmx^^o ld 
Mom'f'^mms i 4-^mm-^nx\f^^. mi^^mm 51 4<Dmm\z}t. a. 

1 GaNi)^iof3i^nm^^y HM5 0 2 J^t^tB LTVi-So m'^^mms 1 4 

(^>fim«. S5iGaN»^5 0 if)^&mm:^\^\zmfx^mmmi^^^bttii^ 

;^lR]Jc:M^bTVi§o ?gtt»a:;^cj;§^M»^#F (MQW) Ji 5 0 4 §^tr 
LD^3t«. -^(7)^^:5i'ii^5 1 4(C^^n:rc^J^fC?^^$nTVi^o T 
'e{c:^'^;feJ;'5tCgi:G aNS^5 0 1±(DA 1 G a Nd> nM^ ^ 

Ym^ Q 2^ji^mt^^^\zn^^mmh i 4;&ij^^$nTVi-5;^c8&. 
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6 1 4(Dmmu. ^alg aNmme o i:fy^^mm:^\^\z\^nx^m^m7!)^/i^ 
iif3i^:^innzmmhT\^^^o m^m tfSi ^^mm^^^ (mqw) me 04 
^^•^LT>mm\t. -Mom'i^^mme 1 4\zi^^n-^mmzj^^-^nxi^^ 
-So mi^^mme 1 4<DmmUs ^7.^ 6 1 3f)^&mi^^&vrc^mi^m<D 

m^mvx\,>^r:itb. m2<D^m'i^u-ifxm^rc^^\zm^. mj^mnin 

:$^mmwi}x\t. mi. m2:^^rsmi 0 \z^TWi^^m.(D^mi^u—if^ 
^ri^(D^mwv-^^^m\^f^^m\z-^'^^xmm^^o a^^u 

T FIELDS* (A. Usui Jpn. J. Appl.Phys. 36(1997)1899) tcj; 250Mm^!gft$ 
•^fe nMGaN(0001)S«SfflV^fe, ±iBS:K«> HVPE ^S^OS^^^^^jS 

GaNj¥$ 200/iin O g G a NS^ <i:7^i:o T -5 o MTmM<DY^m\Z\t 
SOOhPa OMBE MOVPE ^g^^ Vifeo U T:j!;xiC«7Km<i:^m©jii'a-:^fX 

Ga, A 1 , In y-;?; t bT-^n^'n b U U a (tmG) , h U ^ 
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XSiH^). p ^H-A->htCt:>^>.^p-<>^,^X-;i.-x'i/:^>^e7A(Cp,Mg) 



N^:^ 501 ±\Z. 

Si H-:/nMA 1 „.,Gao.9N(Si ig^4XlO"cm-\ 1.2 fim)i)^ &f3i?> nMi^ 
H® 502. 

Si H~>^nMGaN(Si ^i^4Xio'W, i?^ 0. 1 m m) ^ n D 
3i:Jse)® 503, 

Ino.i5Gao.85N(^$ 3nm)#F®i Si H-^ Ino.oiGao.jgNCSi mm 5X10'W. m 
$ 4nin)A'UTM}6ie>;5:S 3 ^^^14® (MQW)M 504, 

Mg H-y pMA 1 0.2^^0.8^ ^ySi^^ ^ y:fm 505, 

Mg H~ypMGaN(Mg^g^2XlO'*'cm-\ JP$ O.l /J,m)7f)^^f3i^ PM^KU 
ii8e)M 506, 

0.5iim<DpmA lo.iGao.sN^^^^ H« (Mg 2X lO'«cm-«) 507, 
Mg K — y pMG aNCMg^iS 2XlO^°c]n-\ 0. 1 Mm) j^^ S^a:'^ P^3>i5' 
^ hm 508 

§jii^^:g$-frT, 04 (a) (D Id mm^mmvrcio 



hm 508 509 ^f^mu, h^-r^j^jt 3oo/zm c:<t:i;i0 

^$n:feU ^/>?^LD$#:fe (04 (b))o e:iiTt*w>?x hT;?.i7^fflVi 

TH^-f X-/5^>iJ;^^ffofe;&^ Si02/^j:i*©^«#:X^^^^ViTt>J;Vio 

f^^b;^Co iS^-f yA©#^^l^-if«, 04 (b) 509 <D 

MM,(DhT>mM^. n-A 1 G aN^7^y H« 502 H ^-T X ^/ 9^>i5f J; 

D^itJ^tc^^b, g3iGaN^^ 501 izmm'r^xh^'i^iik<D—M(Dm^ 
^mm ^mi^vr^o ^r^s ^^-fBo^mi^u-^tfiriit. ^thgi5 509 © 

Miii©LD;^it^, n-A 1 G aN^^^y 502 H^-f X»v5^>4f > 
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G a 501 izmmt^mi^^mm uz^rc^tm^^^mm^u ^mmvr^o 
m5\t't;i<D^m<Dmmmm^m'rm-v$>v). 05 (a) \t^'i:fA. 05 (b) 

(om^i'^mmmomm^t. ^-r:/ATt^3 0 0 Mm. iS^-r:/B7?«5 0 

RF/^>7— : 6 0 0 W 

::iiy^>^:ffx : C l ^ 2 0 s c cm 
x-/^>^jE:^ : 1 . oPa 

Xy5^>iJf^Xi7 : S i Og 

i^i^l 5 Onmi:il^J:D'fe^ViJ¥;5^tb> •^;^i'CDMi^ 

m^(Dmm'^^. ^^oaNmu 501 5{»^e.LD;^Jtc!)J:gB^clp]^tT. m^m<D 
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^^^xs^mm i^m^) (^M^:f5^^m.^^^^\^\zm^x^x.;\^ o o 
$^ii®8 0 v—^-n^^m^-r^ m% (a))o 

(b)> (c)), Jl"5bT01. ®2:feJ;lDf|ai Ofca^^^®;^3li©^^^l^ 

2. 5kAcm-2, 2. 4kAcm-2, 3. 0 k A c m-^^afe D . XD — y 
^^^•en^n. 1. 3W/A/facet, 1. 3W/A/facet> 
0. 9 W/A/ f a c e t Tabofeo 
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X^n^n. 20pF, 12pF. 2 1pFX$>^rCo ZLtliZJ:^ 
:^mMmz^n^^-(':rA(D^^mWV—^\-t. g3iGaN»m 501 \znM 

•t^m^^mm 513 \z^\^^x'^y':f\z^m-^tix\^^^. ^(Dm^^mm 513 

5&^fTt)n§e: tiij^D. ^'yvCf^m^m^zmm'r^z.iiti^x^^o ^rc. 
;i<D^^mi^u—^\t. ±m<D^^i,zm^^mm 513 :fymm^mT^r^ib. ^ 

(i) =^v^^mi:n'^'=^v':f^mmmz^^\^x\i^rc^mi^v-'^<D 
m±.m'^^i(Dxm^i^)}^m\z^U'r^z.hti^x^^o 
(.ii)vimtjn—nm±.\z^m^'^y'fy( y^t^u. ^ n—nm<o^mn^Vj 
itv. Autsim.m,^mi^^^m\zmM'r^r.t.-mx^^o 

:^^mm\z^n^^^^B(D^mwv—'^\t. ^5tGaN»^ 501 \zmm 
-r^—i^o:>m=?'^mm 514 ^wr^o ^(Dm^^mm su \z^rim-^nfcm 
m\zm^mf)m^'^nx\^^^rc^. ^^m^^tsi.'Dm'it\zif ^ ^ifi^m 

^(Dm^^mm sh <DmmmnmvrcmjBtr^'::>x^^^rci^. ^mi^m^<D 
mmm^-^mm-^n^ tth\z^^ y^^mm±^M7f)^^ 0 mmiz^m-^n 
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mi^u—^<Di^mx,m\z-o\,^Tm6 (a) ^m? (d) ^mmvx^mT^o 

SOOnm Jt^b, ©TtS^lCi; Difi 20jLtm (D S i 0^ e> /^C § X h^-r:/^(DTX 
6 1 3 ^ 300Min tf (EI 6 (a))„ VXiJ7 6 1 <1 - 

il©m> Si H-:/nMA lo.iGacgNCSi ii^4XlO"cm-\ 1. 2Mm)/&^e, 
/^d:^ nm^^v HS 602>Si H-^'nMGaN(Si 4X lO'W, 0.1m 
m):d^?>r^:^ nmytmUj^tbm 60Zs Ino.,6Gao.85NO?$ 3nm)#FMi Si H-:?^ 
Ino.01Gao.99N (Si mm SXlO^cm-'. 4nm)A*UTMj&^e.75:^«ttS<J:7a:-S 3 
MM#aa^#F(MQW)g 604. Mg P^A lo.2Gao.8N;&^e.^cJ:^^^^;/y 

5 605, Mg p MGaN(MgJi^ 2X10"'c]n-\ ff$ 0. 1 Mm)*^ p 

606. 0.5tim(D p MA 1 o.iGao.jN ^^^-/^^(Mg 

2X10'»cm-')607> Mg H-^ p a N (Mg 2X lO^cm"'. 0. 1 /z m) e, 
T^cC^ P^n>i$^i7 608 ^MJ^^!^:S$iiT.LD«3g(D^MM§?]^^bfe(0 

6 (b))„ :i<Dm^izj;:fo. -^7.^ 6 1 3 ±^\,Z. < 1 - 1 0 0 >:^\^\,zm 

hDmmmmmis mmm i -v^v-^mi'tmmojim^z^ t) u ^ ld ^ 
h« 608 ^^/^fc^+f-SB 609 ^^i^^i^bfe (07 (c))o -Di^^r^^T sio.mmm 

610 §Jt«LT;'^itSI5:9'<D^tBb&@^S^{c:ck Off U >>ait^^^b 
n MS^^iCtAT i /A 1 -fy^^fSi^ n «S 611 ^?^^L> p 3>i$'t^ h± 

\z\t. m/kufj^iofs:^ pm® 612 ^mmvfzo ^n^omi^^m^mx h^-r 

:7'{cSit;^::^iRjjc^^b, i|g eoo^m o ld K-^?^^^. >t-®Jc:t i Oj/Sio^ 
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1.3W/A/facet "^^oifeo p S^^iTKTI^*^. ^^MI^MIi^^ff o }^ t 

^mizwi^nr. i^^-^mmo^^mi^u—^^zmm-v^^zitm^^^-v^ 
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